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Intrarenal distribution of blood flow and renin release
during renal venous pressure elevation
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Intrarenal distribution of blood flow and renin release during
renal venous pressure elevation. The effects of renal venous pres-
sure (RVP) elevation on the intrarenal distribution of blood flow
and renin secretion were studied in mongrel dogs anesthetized
with pentobarbital sodium. The intrarenal distribution of blood
flow was determined with the radioactive xenon (133Xe) wash-
out technique. Elevation of RVP to 30 mm Hg caused a signifi-
cant change in the intrarenal distribution of blood flow and a
significant increase in renin secretion rate without changes in
total renal blood flow (RBF) and glomerular filtration rate
(GFR). At this RVP, the percentage of distribution and relative
volume increased significantly in the second flow component
and decreased significantly in the first flow component. When
RVP was elevated above 30 mm Hg, further redistribution of
flow from first flow component to second flow component
occurred, and RBF and GFR began to decrease. Thus, there
was an inverse relationship between RVP and the percentage of
RBF into first flow component (P<0.001) and a direct relation-
ship between RVP and the fraction of blood flow into second
flow component (P<0001). The percentage of the third flow
component correlated linearly with RVP elevation (P< 0.01).
Renin secretion rate (RSR), the product of renal venous arterial
difference of plasma renin activity and renal plasma flow, was
increased significantly by RVP elevation between 20 and
50 mm Hg. Accordingly, RSR was inversely correlated with the
change in the fraction of blood flow and relative volume of first
flow component (P<0.0l). These findings suggest that changes
in intrarenal hemodynamics might be a trigger for renin secretion.
Distribution intra-rénale dii debit sanguin et liberation de rénine
au cours de l'élévation de Ia pression veineuse rénale. Les effets
de l'ClCvation de Ia pression veineuse rénale sur Ia distribution
du debit et Ia secretion de refine ont été étudiés chez Ic chien
anesthésié au pentobarbital de sodium. La distribution intra-
rénale du debit sanguin a été déterminée par Ia méthode du
lavage du 133Xenon (133Xe). L'ClCvation de Ia pression veineuse
rénale a 30mm Hg a entrainé une modification significative
de Ia distribution intrarénale du debit sanguin et une augmenta-
tion significative du debit de secretion de rénine sans modifica-
tion du debit sanguin total (RBF) et du debit de filtration
glomerulaire (GFR). Pour cette valeur de Ia pression veineuse
rénale, les pourcentages de distribution et du volume relatif ont
Received for publication June 23, 1972;
and in revised form January 29, 1973.
© 1973, by the International Society of Nephrology.
259
augmentC significativement dans Ia seconde composante et
diminué significativement dans Ia premiere composante. Quand
Ia pression veineuse rénale a ete élevée au dessus de 30 mm Hg
une nouvelle redistribution du debit de Ia premiere vers Ia
deuxieme composante a été observée et RBF et GFR ont corn-
mencé a décroitre. Ainsi ii existe une correlation negative entre
Ia pression veineuse rénale et le pourcentage du debit dans Ia
premiere composante (P<0,00l) et une correlation positive
entre Ia pression veineuse rénale et Ia fraction du debit dans Ia
deuxième composante (P<0,001). Le pourcentage dans Ia troi-
sieme composante est linéairement corrélé avec l'élévation de Ia
pression veineuse rénale (P<0,01). Le debit de secretion de
rénine (RSR), produit de Ia difference artérioveineuse rénale
d'activité rénine plasmatique et du debit plasmatique renal, est
augmente significativement par I'élévation de Ia pression veineuse
rénale entre 20 et 50mm Hg. Ainsi, le RSR est inversement
corrClé avec Ia modification de Ia fraction du debit sanguin et
Ic volume relatif de Ia premiere composante (P<0,0l). Ces
constatations suggerent que des modifications de l'hémodynami-
que intrarénale peuvent déclencher Ia secretion de refine.
The distribution of renin content in the renal cortex is
not homogeneous, and there is a downward gradient from
the outer cortex to the inner cortex [1]. In addition, the
intrarenal distribution of blood flow is not uniform, partly
because of anatomical heterogeneity of the vasculature.
Accordingly, there may be a better relationship between
renin secretion rate (RSR) and intrarenal blood flow dis-
tribution than with total renal blood flow rate (RBF). Abe
demonstrated that reduction of renal arterial pressure by
suprarenal aortic constriction to 75 mm Hg changed intra-
renal blood flow distribution despite autoregulation of
total RBF [2]. This maneuver also increased renin secretion.
Many other stimuli for renin release, such as hemorrhagic
hypotension [3], ureteral occlusion [4] and sodium restric-
tion [5] also produce changes in the distribution of intra-
renal blood flow.
Recently, Hollenberg et al [6] and Blauf ox et al [7] postu-
lated that cortical ischemia might be a trigger for renin
release. We have recently shown that an elevation of renal
venous pressure (RVP) augmented renin secretion in the
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Fig. 1. Schema of preparation.
dog. Changes in renal arterial blood pressure (RAP), RBF,
GFR and the amount of sodium excretion were not
correlated with alterations in RSR [8]. if an elevation of
RVP effects a change in the intrarenal distribution of
blood flow without affecting total RBF, changes of intra-
renal blood flow distribution may be a factor responsible
for renin release. We tested the hypothesis by means of an
inert gas washout technique.
Methods
Seventeen mongrel dogs (12 to 18 kg in weight) were
anesthetized with pentobarbital sodium (30 mg/kg) intra-
venously and were then given additional doses as required
during the experiment. The schema of the preparation is
shown in Fig. I. The left kidney was exposed via a retro-
peritoneal incision and denervated surgically. The RBF was
measured by an electromagnetic flow meter (Nihon Koden,
MF-25). A polyethylene catheter was introduced into the
aorta through the left femoral artery and placed at the
level of the left renal artery. The RAP was considered
equal to the aortic blood pressure at the level of the renal
artery. The RVP was measured via a catheter inserted into
the renal vein. Both arterial and venous pressures were
measured by a pressure transducer (Nihon Koden, IV-T).
Measurement of continuous changes of glomerular filtra-
tion rate. The method used was based on the principle of
Schmid, Muehlbaecher and Hutchins [9]. A small frac-
tion of renal venous and systemic arterial blood was
pumped from the extracorporal circuit and from a cannula
inserted into the brachial artery by a Sigma-type finger
pump, circulated through polyethylene coils (Radicoil,
Abbott) placed in two well-type detectors of a dual-scin-
tillation detector-pulse height analyzer rate meter system
(Shimazu Seisakusho, Kyoto), and then returned to the
femoral vein. One system was used for the determination of
the radioactivity of 131! in systemic arterial blood and the
other was for the radioactivities of 131J and '33Xe in renal
venous blood. Prior to starting, during and after the ex-
periment, the system was calibrated by pumping a solution
containing the same amount of isotope ('i'!) through both
well detectors. The sensitivity and linearity of the system
were fairly stable throughout the experiment. Separation
of two different isotopes was accomplished by a pulse
height analyzer: 360 kiloelectron volt (key) with width of
50 key for 'I and 80 key with width of 25 key for
'33Xe. The delay time from the renal artery to the well
detector was determined by injecting a tracer into the renal
artery; it was less than 10 sec. The Compton scatter between
1311 and '33Xe should be taken into account. Less than 2%
of counts from the channel for 131J entered the channel for
133Xe, In addition, the level of radioactivity of 131! in the
renal venous blood was usually stable and remained almost
constant during each experimental maneuver. The radio-
activity of 1311 was usually between 8,000 and 5,000 counts
per minute (cpm), and the peak counts of 133Xe were
usually in the range of 100,000 cpm, falling to 500 to
1,000 cpm within 15 mm. Residual radioactivity was
always less than 400 cpm in the channel for 133Xe. Xenon
is considered to be soluble in most catheter materials, and
some accumulation of residual '33Xe could occur in serial
determinations. Accordingly, we carried out eight serial
determinations of 133Xe washout from the kidney in this
preparation under the same condition, initial radioactivity
was 200 cpm, and it accumulated to only 600 cpm after
the eight serial determinations of 133Xe washout. No signifi-
cant change in the pattern of the disappearance curve was
found among the determinations on analysis. After com-
pletion of the surgical procedure, the animals were given
a dose of 300 U/kg of heparin, followed by 100 U/kg/hr
intravenously.
Purified '311-iothalamate was used as a clearance material
for measurements of GFR [8]. The animals were primed
and sustained with '311-iothalamate, 4 pCi/kg and 2 pCi/
kg/hr, respectively. GFR was calculated from the following
equation:
Renal extraction ratio of '311-iothalamate (E) =(A —V')/A,
where A was radioactivity in the arterial blood and V'
was corrected radioactivity in the renal venous blood.
V' =V. (RBF-UF)/RBF,
where V was radioactivity in the renal venous blood and
UF was urine flow.
GFR=E. RPF, RPF=RBF. (1 —hematocrit value).
Parameters (RAP, RVP, RBF, systemic arterial and renal
venous radioactivities of 131J, and renal venous activities
of 133Xe) were recorded continuously by a direct pen
oscillograph (Nihondensi, U-8).
Measurement of intrarenal distribution of blood flow. For
the measurement of distribution of blood flow in the kidney,
0.2 to 0.5 ml of saline solution tagged with 5 to 10 pCi of
133Xe was injected as a bolus via a needle inserted into the
renal artery through which saline was continuously in-
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Fig. 2. Bioassay of plasma renin activity compared to radio-
immunoassay of the same samples. Angiotensin II was used as the
standard in the bioassay and angiotensin I in the radioimmuno-
assay. Incubation time: bioassay (Bio)= 16 hr, Radioimmuno-
assay (RIO)=3 hr. P<0.O0l, r=0.981.
fused at a rate of 0.5 mI/mm. The disappearance of '33Xe
from the kidney was monitored in the renal venous blood
through the extracorporeal circuit for at least 15 mm. The
resultant complex curve representing the disappearance of
'33Xe from the kidney was analyzed as the sum of a series
of exponentials by the method described by Thorburn
et al [10]. The logarithm of each point of the disappearance
curve was plotted against time and a straight line was
drawn by inspection through the terminal portion of the
curve. This was extrapolated to zero time and represents
the slowest flow component, component III. The points
of the extrapolated line were subtracted from the original
curve to produce a new curve whose terminal single ex-
ponential portion represented component II. Component I
was drawn in a similar sequential fashion. Each component
represents a functional component in the kidney. The
distribution of flow was calculated from the zero-time
intercept of each component. The flow rate (ml/100 g/min)
in each component was calculated from the slope using a
partition coefficient of 0.65 with no correction for hemato-
crit since it did not fluctuate during an experiment. The
relative volume was obtained from % distribution and
flow rate of each component. The relative volume of the
inner medullary component (component III) cannot be
compared at zero time, since the inner medulla is supposed to
contain little radioactivity for the first several minutes
after the saline solution-133Xe injection.
Measurement of plasma renin activity. The details of the
method utilized for measurement of plasma renin activity
(PRA) were described in a previous paper [8]. Approxi-
mately 3 ml of systemic arterial and renal venous blood
was drawn simultaneously 15 mm after partial renal venous
constriction. One milliliter of each plasma sample was mixed
with 1 ml of 10-2 M EDTA-Na2 solution containing 0.1 %
neomycin and adjusted to pH 5.5 with 0.2 N HCI. The
treated plasma sample was incubated for 16 hr at 37°C
and boiled for 10mm to stop the reaction. The angiotensin
produced was bioassayed on the rat blood pressure.
Plasma renin activity was expressed as angiotensin II
equivalents (ng/ml) of plasma. The RSR was calculated as
follows:
RSR = (renal venous-arterial difference of PRA) RPF.
The reliability of the bioassay was proved by comparison
with radioimmunoassay. Radioimmunoassay of angio-
tensin I was carried out according to the principle of
Haber et al [11] with the "angiotensin I radioimmunoassay
kit" (Cea-Sorin, France). Results using angiotensin II as
standard in the bioassay were compared to results from
the same samples assayed against angiotensin I standard
in the radioimmunoassay (Fig. 2). There was a highly
significant correlation between the two different assay
systems (N=27, r=0.981, P<0.001).
Experimental protocol. Each experiment was composed
of control, experimental intervention and recovery periods.
The periods were 20 mm long in order to obtain a com-
plete 133Xe disappearance curve. In the experimental
periods, renal venous pressure was elevated in stepwise
fashion by 5 to 10mm Hg up to 50mm Hg by means of
adjustable clamps on the renal venous circuit (Fig. 1).
'33xenon was injected into the renal artery at 3 mm of each
period and monitored for at least 15 mm. The GFR was
measured in 8 out of 17 experiments, and the disappearance
curve of 133Xe from the kidney was obtained in all experi-
ments.
The mean and SEM were calculated for all indexes and
the probability of significance was determined by Student's
paired and nonpaired t test, and correlation coefficient as
appropriate [12].
Results
Data obtained during the control, experimental, and
recovery periods are summarized in Tables 1 through 3.
All values were standardized to 100 g of kidney weight.
Effects of renal venous pressure elevation on renal hemo-
dynamics. Table 1 indicates total renal hemodynamics
during control, experimental and recovery periods. In the
control period, RAP was 121 (sEM) mm Hg and RVP
ranged from 3 to 20mm Hg with a mean of 11.0± 1.5(5EM)
mm Hg. The RBF ranged from 150 to 375 ml/100 g/min
with a mean of 240±18 (sEM) ml/100 g/min. The GFR
was measured in eight out of seventeen experiments. The
20.0
0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
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Table 1. Effects of graded renal venous pressure elevation on renal hemodynamics a
Observations
N
RVP
mmHg
RAP
mmHg
RBF
mi/mm
EIo*halamate GFR"
mi/mm
Control 17 11.0± 1.5 121 6 240±18 0.246±0.027 38.7± 6.0
RVC 9 20.5 123± 8 210± 18 0.266±0.049 33.5± 6.7
RVC 11 24.2±0.4 118± 7 205± 14 0.260±0.028 31.1± 2.9
RVC 12 30.0±0.4 126± 7 200±17 0.280±0.027 34.5± 8.3
RVC 7 35.2±0.6 115±15 192± 18° 0.279±0.044 31.8± 3.2
RVC 9 39.6±0.5 126± 7 l89±2P 0.306±0.052 36.9±10.4
RVC 6 49.9±2.0 115± 8 145±23" 0.314±0.069 29.9± 6.0
Release of RVC 14 10.1± 1.4 114± 5° I93±I2d 0.273±0.034 34.2± 3.7
Abbreviations: RVC = renal venous constriction, RVP = renal venous pressure, RAP = renal arterial pressure, RBF = renal
blood flow, Ejotaiamate = extraction of iothalamate by the kidney, GFR = glomerular filtration rate.
a All values are standardized to 100 g of kidney. Values are expressed as mean SEM.
b The GER was measured in a smaller number of experiments (see text).
Significance from control analyzed by paired I test; P<0.05.
d Significance from control analyzed by paired t test; P< 0.01.
Table 2. Component analysis of '33xenon disappearance curve from the kidney during control,
renal venous pressure elevation and recovery periods a
Ob-
serva-
tions
RVP Compo
Flow rate
nent I Compo
•Dist. Flow rate
nent II Compon
.Dist. Flow rate
ent III Relative volume
.Dist. Comp. I Comp. II
N
mm Hg mi/JOOg/min % mi/bOg/mm % mi/bOO g/mmn % % %
Control 17 11.0±1.5 361 62.1 160± 7 30.7±2.2 13.7±0.9 7.2±0.4 48.6±2.5 51.4±2.5
RVC 9 20.5±0.5 355±11 57.1±2.4" 167±11 35.7±2.0 12.6±2.0 7.2±0.3 44.5±2.3 55.5±2.3
RVC 11 24.2±0.4 365±18 48.1±2.5° 164±12 43.8±2.2° 14.4±1.1 8.1±0.4 35.8±2.lC 64.2±2.1°
RVC 12 30.0±0.4 352±28 42.8±6.4° 181 17 48.3±6.1° 16.9±1.5 8.9±0.7" 31.0±4.8C 69.0±4.8°
RVC 7 35.2±0.6 342±38 37.4±7.6° 188±21 53.7±6.9° 15.9±2.9 8.9±0.7" 27.4±5.6° 72.7±5.6°
RVC 9 39.6±0.5 339±48 25.4±6.8C 211 13" 64.2±6.5° 18.7±1.3" 10.4±0.4° 18.2±5.lc 81.2±5.1°
RVC 6 49.9±2.0 218±49" 7.2±7.2C 188±30 81.0±6.5° 17.8±3.4 11.8±0.8° 5.6±5.6' 94.4±5.6°
Release 14 10.1 1.4 347±16 55.2 150±10 37.2± 3.8 15.0±1.2 7.6 39.6 ±4.5"
of RVC
Abbreviations: RVC = renal venous constriction, RVP = renal venous pressure; % Dist. = initial percent distribution of radio-
activity.
a All values are standardized to 100 g of kidney. Values are expressed as mean SEM.
b Significance from control analyzed by paired t test; P<0.05.
° Significance from control analyzed by paired t test; P< 0.01.
Table 3. Effects of renal venous pressure elevation on renin secretion rate a
Level of RVP Observa-
tion
Arterial PRA
equal to angio. II
Renal venous PRA
equal to angio. II
Renal V-A PRA
equal to angio. II
Renin secretion rate
equal to anglo. II
mm Hg N ng/ml ng/mi ng/ml ng/bOO g of kidney/man
11.0 1.5 (Control) 17 66.6 11.6 70.7 11.7 4.1 2.1 518 237
20.0 (RVC) 9 79.9 16.4 95.4 19.7° 15.4 4.2° 1874 510°
24.2 0.4(RVC) 11 97.6 17.1" 116.5 19.8° 18.9 4.0° 2068 463°
30.0 0.4(RVC) 12 106.2 20.4" 129.7 23.6° 23.3 5.3° 2586 621°
35.2 0.6(RVC) 7 81.9 23.6" 107.7 27.3" 25.9 4.9° 2608 493°
39.6 0.5 (RVC) 9 144.0 21.8° 193.4 30.0° 49.4 12.3° 5073 1366°
49.9 2.0(RVC) 6 100.7 33.7" 174.8 45.9° 75.6 17.0° 6043 2267°
10.1 1.4 (Release
of RVC)
14 85.0 17.7" 82.4 16.0 —2.6 2.3" 357 268'
Abbreviations: RVP = renal venous pressure, PRA = plasma renin activity, Renal V-A PRA = renal venous-arterial difference of
plasma renin activity, RVC = renal venous constriction, anglo. 11 = angiotensin II.
a All values are standardized to 100 g of kidney. Values are expressed as mean SEM.
" Significance from control analyzed by paired t test; P<0.05.
Significance from control analyzed by paired t test; P< 0.01.
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extraction ratio of iothalamate by the kidney ranged from
0.12 to 0.339 and averaged 0.264±0.027 (sEM). The GFR,
the product of the extraction ratio for iothalamate and
RPF, ranged from 18.9 to 76.3 ml/100 g/min and averaged
38.7±6.0 (sEM) mi/bOg/mm. Elevation of RVP up to
50 mm Hg caused no change in RAP. The RBF was almost
constant when RVP was elevated to 30 mm Hg. At this
pressure, the mean change of JRBF from the control
value was 25.0±15.4 (5EM) and it was not significant. The
RBF significantly decreased as an inverse function of RVP
elevation at RVP above 30mm Hg (P<0.0l). The GFR
showed almost parallel changes to the changes in RBF and
began to decrease when RVP was elevated above 30 mm Hg.
The decrease in GFR was statistically insignificant because
of the limited number of observations. However, the ex-
traction ratio of iothalamate was almost constant, or
slightly increased, at RVP up to 40 mm Hg. In the recovery
period, RAP, RVP, RBF and GFR returned to control
values. The RAP and RVP were slightly but significantly
lower than readings during the control period (P<0.05).
After the release of renal venous constriction, RBF in-
creased for a short time, then decreased rapidly, and then
was maintained slightly but significantly lower than control
values (P <0.01). The extraction ratio of iothalamate tended
to increase, but not significantly. The GFR was unchanged
from the control value.
Effects of renal venous pressure elevation on intrarenal
distribution of blood flow. The disappearance curve of 133Xe
from the kidney was composed of three components during
the control period: a rapid flow component (component 1),
a second flow component (component II) and a slow flow
component (component III). The fourth component was
not recognizable in 15-mm recordings (Fig. 3, top). Table 2
indicates the results of component analysis of a '33Xe dis-
appearance curve during the control, experimental and
recovery periods. The results of component analysis in the
control period showed relatively large variations in the
flow rate and in the percentage of total RBF in both the
rapid flow and second flow component. The flow rate in
the most rapid flow component (component I) ranged from
271 to 520 ml/100 g/min with a mean of 361 21 (sEM) ml!
100 g/min. The percentage of total flow into this component
ranged from 53 to 83% with a mean of 62 2 (sEM) %. The
flow rate of component II ranged from 96 to 195 ml/100 g/
mm and averaged 160±7 (sEM) ml/100 g/min. Component II
accounted for 11 to 42% with a mean of 31 2 (sEM) % of
total blood flow. Component III had a flow rate of 13.7
0.9 (sEM) ml/100 g/min which was 7.2±0.4(sEM)% of the
total blood flow. Intrarenal distribution of blood flow was
changed by a slight RVP elevation which caused no changes
in RBF and GFR (Tables I and 2). Fig. 3, bottom, repre-
sents a disappearance curve of '33Xe from the kidney during
such a RVP elevation. The mean flow rate into compo-
nent I tended to decrease with RYP elevation and signifi-
cantly decreased at RVP above 40 mm Hg (P <0.05). Con-
versely, the mean flow rate into component II tended to
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
Time, mm
Fig. 3. Top, Xenon disappearance curve during the control period
in one of seventeen dogs (Dog 27). Renal arterial pressure
(RAP)= 125 mm Hg, renal venous pressure (RVP)= 21 mm Hg.
Ordinate indicates '33Xe activity by means of reading on the
recording. Bottom, Xenon disappearance curve during the renal
venous pressure elevation in the same dog. RAP= 133 mm Hg,
RVP=40 mm Hg.
increase with RVP elevation up to 40 mm Hg and in-
creased significantly at 40mm Hg (P<0.05). The mean
flow rate into component III also tended to increase with
RVP elevation and significantly increased at RVP of
40 mm Hg (P< 0.05). At 20 mm Hg of RVP, the per-
centage of flow into component I decreased significantly
from 62.1 to 57.1 % (P< 0.05), while that into component II
slightly increased but not significantly. When RVP was
elevated to a pressure between 25 and 30 mm Hg, the per-
centage of flow into component I and its relative volume
significantly decreased (P< 0.01) despite complete auto-
regulation of RBF and GFR. Conversely, the percentage
of flow into component!! and its relative volume signifi-
cantly increased (P< 0.05). At RVP above 30 mm Hg, the
flow rate and the percentage of flow into component I
decreased more significantly with RVP elevation. At a RVP
of 40 mm Hg, flow into component I was so reduced that
components I and II of the renal '33Xe disappearance curve
were fused into each other and formed one component in
3 of 9 observations. This fusion of components I and II
was found in 4 of 6 observations at a RVP of 50 mm Hg.
The fused curve probably represents homogeneous flow
4)
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P<0.001). Conversely, the fraction of flow into compo-
nent II and the relative volume of component II correlated
directly and linearly to RYP elevation, (N= 71, r= 0.645,
P<0.001) and (N=71, r=0.657, P<0.001), respectively
(Fig. 5). The percentage distribution of flow into compo-
nent III increased with RVP elevation and directly related
to RVP (N=71, r=0.533, P<0.001). Relative volume of
components I and II returned to near control value follow-
ing release of the renal venous constriction. The relative
volume of component I was slightly but significantly lower
than that in the control period (P<0.05). The relative
volume of component II during the recovery period was
slightly but significantly larger than in the control period
(P<0.05). The percent distribution of both components
was not different from control. The fraction of flow into
component III also returned to control value during the
recovery period.
Effects of renal venous pressure elevation on renin secre-
tion rate. In the control period, systemic arterial and renal
venous PRA averaged 66.6± 11.6 (sEM) and 70.7±11.7 (sEM)
ngEq of angiotensin 11/mi, respectively, with a positive
renal venous-arterial difference of 4.1 2.1 (sEM) ngEq of
angiotensin 1I/ml. Elevation of RVP produced an increase
in PRA in both systemic arterial and renal venous blood.
This increment of PRA correlated with the RVP. Renal
venous PRA in response to RVP elevation was more
significant than that of systemic arterial blood, resulting in
a significant increase of renal venous-arterial difference of
PRA with RVP elevation (N= 71, r= 0.707, P< 0.001).
The RSR, the product of renal venous-arterial difference
of PRA and RPF, also increased significantly as a function
of RVP elevation. Arithmetic values of RSR were widely
distributed and required conversion to logarithms for
statistical analysis. There was a significant correlation be-
tween RVP and the log of RSR (N=7l, r=0.643,
P<0.001). In the recovery period, at 15 mm after release
of renal venous constriction, PRA of both systemic arterial
and renal venous blood promptly decreased, but the former
was still significantly higher than the control value
(P< 0.05). The renal venous-arterial difference of PRA was
zei o in 8 out of 14 animals, negative in 5 out of 14 animals;
only one animal showed a slight positive difference after
release of renal venous constriction.
It should be emphasized that a significant increase in
RSR occurred in response to a slight elevation of RVP
despite autoregulation of RBF and GFR. In these experi-
ments change in intrarenal blood flow distribution was the
only index measured which correlated with an alteration of
RSR in response to RVP elevation. The logarithm of RSR
was roughly inversely proportional to the percentage of
flow into component I. A single regression coefficient be-
tween RSR and the percentage of flow into component I
was calculated in all experiments. Sequence of calculation
was as follows: log of RSR = (—0.073 0.016 [sEM] x per-
centage of flow into component I + (6.48 0.89 [5EM]). The
mean of the slope of the regression lines was significantly
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Fig. 4. Inverse relationship between renal venous pressure (R VP)
and percent initial distribution off/ow to component I. N= 71,
r= —0.6530, P<0.001. y= —1.05x+ 71.2.
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Fig. 5. Relationship between renal venous pressure (R VP) and
percent initial distribution off/ow to each component. Compo-
nent I is in an inverse linear relationship to RVP. N=7l,
r= —0.6530, P<0.OOi, y= —l.05x+71.2. Component II
correlated linearly to RVP. N=71, r=0.645, P<0.001,
y = 0.96x+ 22.5. Component III correlated linearly to RVP.
(N= 71, r=0.533, P<0.001, y= 0.09x+ 6.2.
rate in the kidney. For statistical purposes, the fused curve
was entered into the group of component II. There was a
significant inverse linear relationship between RVP and
the percentage of flow into component I (N= 71, r= —0.653
P<0.001) (Figs. 4 and 5). The relative volume of compo-
nent I was also inversely related to RVP (N= 71, r= —0.660,
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different from zero (P<O.01). There was also a significant
correlation between RSR and percentage of flow to com-
ponent II (P<0.OOl).
Discussion
We measured intrarenal distribution of blood flow by
the '"Xe washout method. Graded RVP elevation caused
a decrease of flow into component I and an increase of
flow into component II. The validity of the inert gas, 85Kr
and '"Xe, washout method [10] for the measurement of
intrarenal distribution of nutrient blood flow in the dog
has been confirmed by many investigators [3—7, 13, 14].
Most investigators [3—7, 13, 14] describe four exponential
components in the 133Xe disappearance curve when ex-
ternal monitoring is used. However, only three components
were observed on analysis of the present experiments. With
external monitoring, the slowest flow component (compo-
nent IV) is considered to represent the perfusion rate of fat
and, also, surrounding tissue. Our findings suggested that
gas disappearance was detected only from functioning
renal tissue because of the absence of the fourth component.
These remaining components have been related by auto-
radiographic techniques to specific areas of the kidney [10].
The most rapid flow component normally represents per-
fusion of the outer cortex, the second flow component
represents perfusion of a variable volume of tissue in the
juxtamedullary zone, and the third flow component appears
to represent the inner medullary blood flow.
Recently, a variety of theoretical objections have been
raised against the gas washout method; results have some-
times differed when the gas washout method and the micro-
sphere technique were used [15—17]. With the gas washout
method, the vasopressor agents, norepinephrine and angio-
tensin II, decreased total renal blood flow; this decrease
was accompanied by a shift of flow from the outer to inner
cortex [18, 19]. To the contrary, these agents had no effect
on fractional distribution as assessed by the microsphere
method [16]. We have recently confirmed redistribution of
blood flow from the outer to the inner cortex during RVP
elevation by means of the microsphere method [20].
Miyazaki and McNay [21] have also reported effects of
RVP elevation on the intrarenal distribution of blood
flow by means of a radioactive microsphere technique.
They found that RVP elevation to 62 mm Hg, the highest
level at which renal blood flow remained constant, resulted
in redistribution of flow from the most superficial cortex to
the deeper cortex zone. Our findings agree with theirs
except that RBF significantly decreased at a RVP of
50 mm Hg. The method of increasing RVP was different
in these two studies; RVP was elevated by stepwise fashion
in the present investigation and by one single step in their
experiments.
Two mechanisms have been suggested to explain the
distribution of intrarenal blood flow caused by RVP eleva-
tion. First, increased renin secretion may be involved. If
released renin is to exhibit a local action, angiotensin
should be produced immediately, resulting in constriction
in the outer cortical vasculatures more than in the inner
cortex, which contains less renin. In support of this mecha-
nism, Carriere, Friborg and Biron demonstrated that angio-
tensin I, as well as angiotensin II, produced cortical isch-
emia when the 85Kr gas washout technique was used [13,
19]. The response to angiotensin I was probably due to its
intrarenal conversion to angiotensin II, but reports con-
cerning the amount converted vary from an insignificant
change to 20% [13, 22—24]. Miyazaki and McNay [21]
postulated one possible intrinsic factor: redistribution of
RBF results from change in arteriolar transmural pressure.
Our previous study indicated that RVP elevation eliminated
the renal vasoconstrictor effect of angiotensin II; this
phenomenon did not seem to be due to tachyphylaxis [25].
Although PRA in renal arterial blood during the recovery
period was significantly higher than that during the control,
the pattern of the intrarenal blood flow distribution during
the recovery period returned to that of the control in our
experiment. In addition, by use of the microsphere method,
it was found that angiotensin II had no effect on fractional
distribution of RBF despite the decrease in total RBF [16].
Second, redistribution of RBF during RVP elevation may
depend on other intrinsic factors. Miyazaki and McNay (21]
postulated that a similar pattern of flow distribution from
outer to inner cortex may result from a myogenic response
to changes in arteriolar transmural pressure. Their hypo-
thesis was based on evidence that both ureteral occlusion
and renal venous constriction produce an elevation of
pressure in the peritubular area. Furthermore, a similar
effect is produced by a decrease in RAP which also results
in decreased transmural pressure.
Several possibilities also exist for the increase in RSR
with RVP elevation. Hollenberg et al [6] and Blaufox et al [7]
demonstrated that PRA and RSR from the kidney corre-
lated with cortical ischemia in essential hypertensive and
renovascular hypertensive patients. Many stimuli such as
hemorrhagic hypotension [3, 14], reduction of RAP [2],
ureteral pressure elevation [4], catecholamine administra-
tion [18], and sodium restriction [5] are known to produce
redistribution of RBF from outer to inner cortex, and all
of them are also considered to stimulate renin release from
the kidney. If a change in cortical blood flow is one of the
factors responsible for renin release, the mechanism of
renin release could be explained by changes in the cortical
vascular baroreceptor system, by distal tubular sodium
load or concentration or by local changes in GFR. The
observations by Blain, Davis and Prewitt [26] and by us [81
do not favor the latter two possibilities. Blain et al demon-
strated that renin release by hemorrhagic hypotension or
by suprarenal aortic constriction occurred in dogs having
no glomerular filtration. They concluded that sodium load
to or concentration at the macula densa was not essential
for renin release. Our previous study demonstrated that
RVP elevation to 30 mm Hg stimulated renin release re-
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gardless of GFR, urine flow, sodium excretion or free
water clearance.
Renin release could also occur independently of the re-
distribution of RBF during RVP elevation. For example, it
could be caused by an intrinsic factor inducing the re-
distribution of RBF from the outer to the inner cortex.
Support for lack of relationship between redistribution of
RBF and RSR was presented by Grandchamp et al [14].
These investigators demonstrated that pretreatment with
cc-adrenei gic blockade totally corrected the redistribution
of RBF in hemorrhagic hypotension, in spite of a sustained
arterial hypotension, but did not block stimulation of
renin release by hemorrhagic hypotension. There was no
correlation between the intrarenal hemodynamics and
renin release into the circulation.
In conclusion, our findings reveal a significant correla-
tion between RSR and the redistribution of RBF from the
outer to the inner cortex, but it is still unknown whether
changes in intrarenal hemodynamics directly stimulate
renin ielease.
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